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This evaluation provides a complete representation of the
nuclear data needed for transport, damage, heating,
radiocactivity, and shielding applications over the incident
neutron energy range from 1.0E-11 to 150 MeV. The discussion
here is divided into the region below and above 20 MeV.

INCIDENT NEUTRON ENERGIES < 20 MeV

Below 20 MeV the evaluation is based completely on the ENDF/B-
VI.5 (Release 2) evaluation by Larson, C. Perey, Hetrich, and
Fu.

INCIDENT NEUTRON ENERGIES > 20 MeV

The ENDF/B-VI Release 2 evaluation extends to 20 MeV and
includes cross sections and energy-angle data for all
significant reactions. The present evauation utilizes a more
compact composite reaction spectrum representation above 20 MeV
in order to reduce the length of the file. No essential data for
applications is lost with this representation.

The evaluation above 20 MeV utilizes MF=6, MT=5 to represent
all reaction data. Production cross sections and emission
gpectra are given for neutrons, protons, deuterons, tritons,
alpha particles, gamma rays, and all residual nuclides produced
(A>5) in the reaction chains. To summarize, the ENDF sections
with non-zero data above En = 20 MeV are:

MF=3 MT= 1 Total Cross Section

MT= 2 Elastic Scattering Cross Section

MT= 3 ©Nonelastic Cross Section

MT= 5 Sum of Binary (n,n') and (n,x) Reactions
MP=4 MT= 2 Elastic Angular Distributions
MF=6 MT= 5 Production Cross Sections and Energy-Angle

Distributions for Emission Neutrons, Protons,
Deuterons, Tritons, and Alphas; and Angle-
Integrated Spectra for Gamma Rays and Residual
Nuclei That Arxe Stable Against Particle Emission

The evaluation is based on nuclear model calculations that
have been benchmarked to experimental data, especially for n +
Ni58 and p + Ni58 reactions (Ch97). We use the GNASH code system
(Yo92), which utilizes Hauser-Feshbach statistical,
preequilibrium and direct-reaction theories. Spherical optical
model calculations are used to obtain particle transmission
coefficients for the Hauser-Feshbach calculations, as well as
for the elastic neutron angular distributions.

Cross sections and spectra for producing individual residual
nuclei are included for reactions. The energy-angle-correlations
for all outgoing particles are based on Kalbach systematics
(Ka88) .

A model was developed to calculate the energy distributions of



all recoil nuclei in the GNASH calculations (Ch96). The recoil
energy distributions are represented in the laboratory system in
MT=5, MF=6, and are given as isotropic in the lab system. All
other data in MT=5,MF=6 are given in the center-of-mass system.
This method of representation utilizes the LCT=3 option approved
at the November, 1996, CSEWG meeting.

Preequilibrium corrections were performed in the course of the
GNASH calculations using the exciton model of Kalbach (Ka77,
Kag85), validated by comparison with calculations using Feshbach,
Kerman, Koonin (FKK) theory [Ch93]. Discrete level data from
nuclear data sheets were matched to continuum level densities
using the formulation of Gilbert and Cameron (Gié5) and pairing
and shell parameters from the Cook (Co67) analysis. Neutron and
charged- particle transmission coefficients were obtained from
the optical potentials, as discussed below. Gamma-ray
transmission coefficients were calculated using the Kopecky-Uhl
model (Ko90).

SOME Ni-SPECIFIC INFORMATION CONCERNING THE EVAL.

The neutron total cross section was evaluated based on the
least-squares method with GMA code system (Po8l) taking account of
the experimental data(Cié8, Pe73, Sc73, La83, Sm92, Di97). The
data for natural Ni was used above 20 MeV because there was no
data for Ni-58 at this energy region. The data for natural Ni were
transformed to the Ni-58 cross section according to A*(2/3) law.
In the GMA analysis, the systematic error was assumed to be 1 %
for all the data set. Result of the GMA evaluation was used as
the evaluated total cross section data above 20 MeV.

The evaluated total cross section data (1 to 250 MeV), s-wave
strength function(Mu8l), and elastic scattering angular
distribution data (Sm92, Gu85, Tu73, Pe88, Ya79) were used to
obtain the neutron optical potential parameters. The parameter
estimation was carried out based on Marquart-Bayesian approach
(Sm91), where ECIS95 code (Ra96) was used for the optical model
calculation. We have employed the energy dependence of the
optical potential gimilar to Delaroche's work(De89). The initial
potential parameters were adopted from Koning and Delaroche
(Ko97). Total of 17 parameters concerning the central potential
were estimated with associated covariance matrix. Presently
obtained potential was used for the calculation of neutron
transmission coefficients and DWBA cross sections in the entire
energy region above 20 MeV. Below 20 MeV, the Harper neutron
potential (Ha82) was used.

The proton optical potential was also searched for to obtain a
good description of proton-total reaction cross section as
predicted by Wellisch-Axen systematic (We96) above 50 MeV. The
parameter estimation was carried out by the Marquart-Bayesian
approach similar to the neutron OMP, -but -trying- tc seek the best
parameter to reproduce the reaction cross sections compiled by
Carlson (Ca96) and Wellisch values. In this search, the
geometrical parameters were fixed to be same as the neutron
potential. The present potential gives a good description of the
proton total reaction cross section above 10 MeV to 250 MeV.
However, after some trial and error to reproduce both the elastic
gscattering and reaction cross section data, we have employed the
following combination of proton potentials:



0 to
5 to

5 MeV
50 MeV
50 to 260 MeV

Harper potential (Ha82)
Koning and Delaroche (Ko97)
Present OMP

For deuterons, the Lohr—Haeberli (Lo74) global potential was used;
for alpha particles the McFadden-Satchler potential (Mcé66) was

used;
used.

and for tritons the Beccheti-Greenlees (Be7l) potential was
The He-3 channel was ignored.

The direct collective inelastic scattering to the following levels
in Ni-58 was considered by the DWBA-mode calculation of ECISS5

(Ra96) :
Jpi Ex (MeV)
2+ 1.454
4+ 2.459
2+ 3.038
2+ 3.263
4+ 3.620
2+ 3.898
2+ 4.108
4+ 4.299
4+ 4.405
3- 4.475
4+ 4.757
4+ 5.438
4+ 5,472
2+ 5.749
4+ 5.766
2+ 5.906
3- 6.312
2+ 6.417
4+ 6.460
2+ 6.475
2+ 6.569
2+ 6.752
3- 6.854
2+ 6.983
4+ 7.051
4+ 7.068
3- 7.111
4+ 7.141
3- 7.210
2+ 7.272
3- 7.300
3- 7.420
3- 7.514
2+ 7.580
4+ 7.618
3- 7.858
4+ 7.860
3- 8.124
3- 8.797
3- 8.841
4+ 8.902
3- 9.012
3- 9.304
3- 9.379
4+ 9.436

Deformation length
0.900

eNoNeNoNoNoNoNoNeoNoNoNoNoNoNoNoNoNoNoNoNoNoNoRoNoNoNoNoNeoNoNoNoNoRoNoNoNoRoNoNoNoNoRoNe)

.350
.242
.306
.246
.111
.063
.127
.329
.708
.403
.151
.080
.048
.086
.115
.128
.068
.098
.065
.056
.141
.2596
.116
.090
.086
.079
.112
.323
.088
.063
.048
.171
.051
.083
.106
.097
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.097
.112
.072
.056
.065
.106
.071



3- 9.458 0.082
4+ 9.588 0.052
44+ 92.632 0.080
3- 9.672 0.121
3- 9.835 0.083
3- 9.870 0.076
3- 9.929 0.061
3- 9.956 0.071

Thege data were retrieved from the literature (Nuclear Data
Sheets), or were evaluated by Koning [Ko97].

Only 2 measurements exist for neutron-induced emission spectra
above 20 MeV for 58Ni: the (n,x alpha) data by Haight et al

(Ha97), and (n,xp) data by Ullman et al (Ul83). Some of the lewvel
density parameters were adjusted to give a good description of
these data. Our starting point was the Gilbert-Cameron analysis

of Fu [Fu96], who studied the extreme sensitivity of calculated
cross sections on level densities for an IAEA CRP. Fu matched the
experimental D-0 value (14.4 keV) in 55Fe, and experimental
neutron, alpha, and proton emission data, by modifying the level
density a parameters. We modified Fu's 58Ni level density by 5% to
a=6.5 to better describe Haight's data at 14 MeV. Above 14 MeV,
where (n,na) and (n,pa) become important, we increased the default
level density a parameters in 54Fe and 54Mn by 7.5% to obtain an
improved agreement of the Haight data in the 40-50 MeV range (no
direct experimental information constrains these level densities).
See Ref. [Ch97] for benchmark comparisons of the evaluation with
measured data.
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28058 = TARGET 1000Z+A (if A=0 then elemental)
1 = PROJECTILE 1000Z+A ‘
Nonelastic, elastic, and Production cross sections for A<5 ejectiles in barns:
Hnergy nonelas elastic neutron proton deuteron triton helium3 alpha gamma
2.000E+01 1.308E+00 1.020E+00 1.136E+00 9.530E-01 3.667E~02 1.054E-03 0.000E+00 1.275E-01 2.766E+00
2.200E+01 1.270E+00 1.026E+00 1.108E+00 9.844E-01 4.302E-02 1.758E-03 0.000E+00 1.431E-01 2.868E+00
2.400E+01 1.234E+00 1.055E+00 1.096E+00 1.013E+00 4.869E-02 2.370E-03 0.000E+00 1.534E-01 2.882E+00
2.600E+01 1.198E+00 1.088E+00 1.102E+00 1.029E+00 5.386E-02 3.080E-03 0.000E+00 1.584E-01 2.828%+00
2.800E+01 1.165E+00 1.154E+00 1.113E+00 1.042E+00 5.873E-02 3.776E-03 0.000E+00 1.600E-01 2.725E+00
3.000E+01 1.136E+00 1.218E+00 1.1218+00 1.060B+00 6.285E-02 4.409E-03 0.000E+00 1.585E-01 2.633E+00
3.500E+01 1.076E+00 1.369E+00 1.152E+00 1.098E+00 6.926E-02 5.724F-03 0.000E+00 1.602E-01 2.456E+00
4.000E+01 1.032E+00 1.482E+00 1.179E+00 1.141E+00 7.430E-02 6.788E-03 0.000E+00 1.612E-01 2.364E+00
4.500E+01 1.001E+00 1.566E+00 1.243E+00 1.198E+00 7.802FE-02 7.802E-03 0.000E+00 1.647E-01 2.257E+00
5.000E+01 9.797E-01 1.600E+00 1.319E+00 1,274E+00 7.981E-02 8.922E-03 0.000E+00 1.715E-01 2.182E+00
5.500E+01 9.647E-01 1,602E+00 1.391E+00 1.346E+00 8.373E~02 1.004E-02 0.000E+00 1.802E-01 2.137E+00
6.000E+01 9.529E-01 1.580E+00 1.462F+00 1.412E+00 8.821E-02 1.128E-02 0.000E+00 1.890E-01 2.091E+00
6.500E+01 9.425E-01 1.517E+00 1.539E+00 1.479E+00 9.273E-02 1.301E-02 0.000E+00 2.060E-01 2.063E+00
7.000E+01 9.322r-01 1.454E+00 1.588E+00 1.528E+00 9.664E-02 1.483E-02 0.000E+00 2.219E-01 1,984E+00
7.500E+01 9.218E-01 1.393E+00 1.644E+00 1.575E+00 1.021E-01 1.676E-02 0.000E+00 2.371E-01 1.972E+00
8.000E+01 9.109E-01 1.325E+00 1.695E+00 1.615E+00 1,082E-01 1.910E-02 0.000E+00 2.540E-01 1.965E+00
8.500E+01 8.996E-01 1.239E+00 1.733E+00 1.646E+00 1.137E-01 2.123E-02 0.000E+00 2.681E-01 1.943E+00
S.000E+01 8.879E-01 1.166E+00 1.763E+00 1.670E+00 1.191E-01 2.340E-02 0.000E+00 2.812E-01 1.925E+00
9.500E+01 8.761E-01 1.094E+00 1.794E+00 1.695E+00 1.248E-01 2.592E-02 0.000E+00 2.960E~01 1.894E+00
1.000E+02 8,.643E-01 1.044E+00 1.815E+00 1.711E+00 1.295E-01 2.808E-02 0.000E+00 3.077E-01 1.862E+00
1.100E+02 8.409E-01 8.908E-01 1.851E+00 1.731E+00 1,375E-01 3.231E-02 0.000E+00 3.281E-01 1.751E+00
1.200E+02 8,.184E-01 7.884E-01 1.874E+00 1.738E+00 1.449E-01 3.671E-02 0.000B+00 3.494E-01 1.692E+00
1,.300E+02 7.972E~01 7.005E~01 1.883E+00 1.743E+00 1.505E-01 4.090E-02 0.000E+00 3.677E~-01 1.604EB+00
1.400E+02 7.774E-01 6.232E-01 1.864E+00 1.735E+00 1.549E-01 4.379E-02 0.000E+00 3.785E-01 1.526E+00
1.500E+02 7.591E~01 5.672E~01 1.833E+00 1.723E+00 1.588E-01 4.666E-02 0.000E+00 3.879E~01 1.434E+00
28058 = TARGET 1000Z+A (if A=0 then elemental)
1l = PROJECTILE 1000Z+A
Kerma coefficients in units of £.Gy.m*2:
Energy proton deuteron triton helium3 alpha non-rec elas-rec TOTAL
2.000E+01 9.475E-~01 5.870E-02 1.042E-~03 0.000E+00 2.076E-01 1.053E-01 2.5508B-02 1.346E+00
2.200E+01 1.014E+00 7.719E-02 2.032E-03 0.000E+00 2.363FK~01 1.116E-01 2.634E-02 1.468E+00
2.400m+01 1.076E+00 9.632E-02 3.077E-03 0.000E+00 2.578E-01 1.165E-01 2.809E-02 1.577E+00
2.600E+01 1.128E+00 1.163E-01 4.457E~-03 0.000E+00 2.714E-01 1.200E-01 2.899E-02 1.669E+00
2.800E+01 1.189E+00 1.377E-01 6.023E-03 0.000E+00 2.790E~01 1.227E-01 3.002E~02 1.765E+00
3.000E+01 1.258E+00 1.592E-01 7.668E-03 0.000R+00 2.810E-01 1.246E-01 3.042E-02 1.861E+00
3.500E+01 1.435E+00 2.077E~-01 1.182E-02 0.000E+00 2.930E-01 1.318E-01 2.991E-02 2.1092+00
4.000E+01 1.639E+00 2.606E-01 1.587E-02 0.000E+00 3.040E-01 1.386E-01 2.813E-02 2.386E+00
4.500E+01 1.857E+00 3.106E-01 1,982E-02 0.000E+00 3.185E-01 1.457E-01 2.6208-02 2.678E+00
5.000E+01 2.094E+00 3.440E-01 2.380E-02 0.000E+00 3.383E-01 1.530E-01 2.399E-02 2.977E+00
5.5008+01 2.332E+00 3.882E-01 2.747E-02 0.000FE+00 3.617E-01 1.608E-01 2.193E-02 3,292E+00
6.000E+01 2.573E+00 4.319E-01 3.124E~02 0.000E+00 3.852E-01 1.680E-01 2.006E-02 3.610E+00
6.500E+01 2.804E+00 4.664E-01 3,517E-02 0.000B+00 4.235E-01 1.766E-01 1.811E-02 3.924E+00
7.000E+01 3.026E+00 4.929E-01 3.909E-02 0.000E+00 4.602E-01 1.842E~01 1.651B-02 4.219E+00
7.500m+01 3.239E+00 5.310E-01 4.305E-02 0.000E+00 4.960E~01 1.910E-01 1.520E-02 4.515B+00
8.000E+01 3.437E+00 5.669E-01 4.740E-02 0.0008+00 5.355E-01 1.973E-01 1.400E-02 4.798E+00
8.500E+01 3.629E+00 6.027E-01 5.150E-02 0.000E+00 5.6958-01 2.020E-01 1.275E-02 5.067E+00
9.000E+01 3.813FR+00 6.372E-01 5.556E-02 0.000E+00 6.020E-01 2.059E-01 1.174E-02 5.325E+00
9.500E+01 3.986E+00 6.707K-01 6.003E-02 0.000E+00 6.382E-01 2.094E-01 1.082E-02 5.575E+00
1.0008+02 4.156E+00 7.022E-01 6.401E-02 0.000E+00 6.683E-01 2.112E-01 1.017E-02 5.812E+00
1.100E+02 4.490E+00 7.532E-01 7.169E-02 0.000E+00 7.234E-01 2.120E-01 8.484E-03 6.259E+00
1.200E+02 4.808E+00 7.996E-01 7.937E-02 0.000E+00 7.806E-01 2.092E-01 7.389E-03 6.684E+00
1.3008+02 5.117E+00 8.295E-01 8.631E-02 0.000E+00 8.326E-01 2.095E-01 6.491E-03 7.081E+00
1.400E+02 5.416E+00 8.798E~01 9.048E-02 0.000E+00 8.687E-01 2.081E-01 5.728E~03 7.469E+00
1.500E+02 5.699E+00 9.286E~01 9.409E-02 0.000FE+00 9.026E-01 2.062E~01 5.187E~-03 7.836E+00
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n+°°Ni angle-integrated emission spectra
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n+°°Ni Kalbach preequilibrium ratios
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Heating (MeV/reaction)
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